1 ent section, department of sensory organs, sapienza university of rome, italy; 2 ent department, lariboisière hospital, Assistance publique, hopitaux de paris, paris 7 university, paris, france; 3 neurosurgery department, lariboisière hospital, Assistance publique, hopitaux de paris, paris 7 university, paris, france; 4 neuroradiology department, lariboisière hospital, Assistance publique, hopitaux de paris, paris 7 university, paris, france; 5 pathology department, lariboisière hospital, Assistance publique, hopitaux de paris, paris 7 university, paris, france; 6 division of otorhinolaryngology, department of surgical, Microsurgical and Medical sciences, university of sassari, italy SummAry Fibro-osseous benign lesions rarely affect the sinonasal tract and are divided into 3 different entities, namely osteoma, fibrous dysplasia and ossifying fibroma. They share several clinical, radiological and histological similarities, but have different behaviours. ossifying fibroma, and in particular the "juvenile" histological subtype, may have a locally aggressive evolution and a high risk for recurrence if removal is incomplete. The purpose of the present study is to compare the clinical behaviour of ossifying fibroma with the other benign fibro-osseous lesions; highlight different behaviour between the histological subtypes; compare the advantages, limitations and outcomes of an endoscopic endonasal approach with reports in the literature. We retrospectively reviewed 11 patients treated for sinonasal ossifying fibroma at a tertiary care centre. All patients underwent CT scan, and mri was performed in cases of cranial base involvement or recurrence. Pre-operative biopsy was performed in cases where it was possible to use an endoscopic approach. one patient underwent pre-operative embolisation with ipsilateral visual loss after the procedure. Depending on its location, removal of the tumour was performed using an endoscopic (n = 7), or an external (n = 3) or combined (n = 1) approach. histopathologically, 5 patients presented the conventional type, 5 the juvenile psammomatoid variant, which was associated in 1 case with an aneurismal bone cyst, and 1 case presented the trabecular juvenile variant. Three patients affected by the juvenile psammomatoid histological variant presented invasion of the skull base and underwent a subtotal removal that subsequently required, due to the regrowth of the remnant, a transbasal approach. Clinical, radiological and histological findings should all be considered to establish differential diagnosis among fibrous osseous lesions. more studies are necessary to conclude if the localisation and extension of the disease at the time of diagnosis is more important than the histological variant. An endoscopic approach is the first choice in most of cases even if an external open approach may be necessary in selected patients. 
Introduction
Fibro-osseous lesions are benign tumours characterised by the replacement of normal bone by a fibrous cellular stroma containing various amounts of foci of mineralisation or ossification 1 . These lesions rarely affect the sinonasal tract 2 . They are usually divided into 3 different entities, namely osteoma, fibrous dysplasia (FD) and ossifying fibroma (oF) 3 . osteoma is the most frequent subtype, followed by FD and oF 4 . The precise incidence of oF, however, remains unknown. These three entities share several clinical, radiological and histological similarities, but have different behaviours in the sinonasal tract 5 6 . osteoma is a slow-growing tumour, and FD usually stops growing spontaneously after puberty. in the absence of local complications, surgical intervention is not needed, and a "wait and see" attitude can be advocated [7] [8] [9] . in contrast, oF, and in particular the "juvenile" histological subtype, may have a locally aggressive evolution and a high risk for recurrence if removal is incomplete 10 11 . A proper initial diagnosis of the tumour is therefore mandatory to plan appropriate therapeutic management 3 5 12 .
The aim of the present study is to describe the main characteristics that can help clinicians to differentiate oF from other fibro-osseous tumours; highlight different behaviour between histological subtypes; discuss the surgical management of oF, with special regard to the advantages and limitations of an endoscopic endonasal approach.
Materials and methods
Between 2006 and 2012, 11 patients were referred to our tertiary care centre for an oF of the sinonasal tract. Patient charts were retrospectively reviewed for demographics, clinical presentation, tumour extent based on nasal endoscopy and preoperative imaging, surgical approach and follow-up. This study was approved by the institutional review board of lariboisière hospital. All cases were discussed at the head and neck meeting of the centre with a dedicated radiologist and pathologist, and all patients were operated on by the same surgeon. All patients were assessed preoperatively using CT scan with contrast medium administration. mri was performed systematically in case of skull base/orbital involvement or recurrence. Preoperative biopsy was performed in any case where the lesion was reachable through an endoscopic procedure. Follow-up was performed with endoscopic control after 3 and 6 months and then once a year. in case of subtotal removal, a CT scan eventually followed by mri, was performed after 3 and 6 months to assess the size of the tumour remnant.
Results
From 2006 to 2012, 11 patients were surgically treated at our institution for an oF of the sinonasal tract. Demographic data, symptoms, tumour extension, surgical approach, surgical procedure and follow-up are summarised in Table i . The male to female ratio was 1.2:1, with a mean age at time of diagnosis of 34 years (range 12-61 years). The most frequent symptom at presentation was nasal obstruction, which was reported by 4 patients, associated in 2 cases with proptosis and in 1 case with facial pain. other symptoms at presentation included isolated facial pain (n = 1), headache (n = 1) and facial deformation (n = 1). of note, oF was an incidental finding in 3 asymptomatic patients. one patient had undergone previous surgical intervention at another institution, with preoperative embolisation followed by partial removal of the tumour through a lateral rhinotomy approach. he was referred for management of tumour recurrence. CT scan was performed pre-operatively in all patients (Fig. 1, case #11 ) and mri only in the 5 patients with skull base or orbital involvement. radiological findings were suggestive of oF in 8 cases (Fig. 2, case #8 ). in the 3 remaining patients, differential diagnoses were discussed, as the radiological aspect was more indicative of FD (2 cases) or primary aneurismal bone cyst (ABC) (Fig. 3 , case #9). The mean maximum diameter was 35 mm (range 9-72 mm). oF was limited to the nasal cavity and paranasal sinuses in 6 cases (54%). The cranial base and/ or the lamina papyracea were invaded in 5 cases (46%). Pre-operative biopsy was endoscopically performed in 9 cases, while 2 patients underwent surgery without biopsy because of the location of oF in the frontal sinus. one patient underwent pre-operative embolisation. he was referred to our institution for a cystic mass of the sphenoid bone evocative of ABC. A pre-operative biopsy was performed and resulted in massive bleeding: pre-operative embolisation was therefore advocated for this patient. Selective angiography revealed a major feeder from the left middle meningeal artery that was . on t2-weighted sequences (B), ossified areas appear with low signal (arrow), while fibrous tissue exhibits an isointense signal (arrowhead). Contrast enhancement (C) is heterogeneous and is related to fibrous areas (arrow). Fig. 3 . on t2-weighted sequences, a multicystic lesion with "fluid-fluid" levels (arrow) suggestive for ABC is present within of.
embolised with microspheres (100-300 microns). immediately after the procedure, the patient presented complete left visual loss. Fundoscopy exam revealed a pale papilla, while fluorescein angiography showed papillar hypoperfusion in each phase of the examination and late choroidal and retinal circulation. Atrophic bands on the periphery without areas of ischaemia were also present. These findings were consistent with central retinal occlusion. Surgical removal of the tumour was performed through a purely endoscopic approach in 7 cases (64%) (Fig. 4 , case #10), through a combined approach in 1 case (endoscopic/Caldwell-luc) and through a midfacial degloving or a coronal approach in 1 and 2 cases, respectively. When the tumour developed on the lamina papyracea (case #5), aberrant tumour vessels feeding the neoplasm across the periorbit were observed during surgery. intra-operative complications occurred in 2 cases, consisting in CSF-leak after endoscopic drilling of the cribriform plate or dissection of the sheath of the optic nerve. Preoperative intratechal fluorescein was not used in any case. however, the CSF-leak was immediately evident and treated successfully at the end of the surgical procedure in both cases with application of Tachosil ® . lumbar drains were never used. histopathological examination confirmed a diagnosis of oF in all cases. Five patients presented the conventional type and 1 case presented the trabecular juvenile variant, while 5 patients presented the juvenile psammomatoid variant which was associated in 1 case with an ABC. in 3 of the 7 patients first operated through an endoscopic approach, removal was incomplete since the tumour extended at the skull base beyond the optic nerve. Postoperative follow-up evidenced a rapid growth of the remnant (about 1 mm per month) (Fig. 5) . A transbasal approach was performed and allowed complete removal. All these 3 patients presented a juvenile psammomatoid histological variant. To date, all patients are free of disease after a mean follow-up of 27 months (range 6-72 months). long term complications included 1 case of stenosis of the lacrimal duct after endoscopic medial maxillectomy, successfully treated by endoscopic dacryocystorhinostomy, and 1 case of multiple mucoceles of the maxillary sinus after a midfacial degloving procedure, which was treated by endoscopic marsupialisation.
Discussion
in this report, we have added our experience to the limited amount of data available in the literature reviewing 11 clinical cases of oF operated on at a tertiary centre. in our series, there were no specific symptoms of oF: as for other benign fibrous osseous lesions, it can be incidentally discovered when imaging is performed for another indication, or may become symptomatic in relation to a mass effect of the tumour on adjacent structures. When the lesion protrudes in the nasal fossa, it can be visualised on endoscopy as a submucosal smooth rounded mass 13 (Fig. 6 ). The imaging work-up relies mainly on CT scan, but in selected cases mri should also be performed. radiological findings can be very suggestive of oF, but, as shown in the present report, differential diagnosis with other bony lesions can be difficult. CT has distinct advantages over mri, as it allows better bony assessment. oF presents like a tumour, with contour deformity and loss of anatomical shape, while FD consists mainly in bone hypertrophy which keeps the global shape of the bone intact 14 . in contrast to FD, oF does not exhibit a ground glass appearance, but rather a mixture of bone density and soft tissues with thick bony walls. The sharply defined outside margins of oF are the most important radiological sign for differential diagnosis with FD and malignant tumours such as sarcoma or chondrosarcoma, which present with ill-defined margins 15 . Contrast CT scan may show subtle enhancement corresponding to the soft tissues of oF, while osteomas are not enhanced. in our case series, CT scan was useful in pre-surgical planning to assess the precise extension of the tumour. however, while delineation of oF with soft tissues seemed sharp, dissection revealed adherence of the tumour to soft tissues, i.e. periorbit and dura mater, in contrast to osteomas. At mri, oF usually harbour low to intermediate signal intensity on T1 weighted imaging: the signal in fibrous areas is intermediate, while that in osseous areas is hypointense. Contrast enhancement is heterogeneous and may be related to fibrous areas 16 . on T2, ossified areas appear with low signal, while fibrous tissue exhibits a hypointense signal. Fluid-fluid levels have been reported, but as shown herein they seem to be associated with a secondary ABC 17 . While mri, combined with CT scan, helps to make a correct diagnosis, it also allows assessment of at risk structures in the case of intracranial or intraorbital extension, and at last during follow-up to discriminate scar tissue from mucocele as in the case of the patient treated with midfacial degloving. in consideration of the overlapping radiological and clinical features among fibro-osseous lesions, even if the imaging may be evocative for oF, we suggest pre-operative biopsy when the lesion is endoscopically accessed. in our opinion, is important to exclude malignant tumours such as sarcomas that radiologically may present with a range of findings such as intact margins, bone sclerosis, bone erosion and gross bone destruction, as well as varying degrees of internal calcified or ossified matrix that may complicate differential diagnosis 18 . Preoperative biopsy may also help to differentiate other benign fibro-osseous lesions, in particular FD which may require alternative management. in our series, before biopsy three cases were presumed to be affected by FD and ABC rather than oF. however, we did not perform a preoperative biopsy in 2 patients because of the frontal sinus localisation of the tumour. histological classification of oF is somewhat confusing: multiple, sometimes overlapping terms are used, including ossifying fibroma, cementifying fibroma, cemento-ossifying fibroma, desmo-osteoblastoma, psammo-osteoid fibroma, psammomatoid ossifying fibroma, juvenile ossifying fibroma, juvenile aggressive ossifying fibroma, or juvenile active ossifying fibroma 5 . These terms partially refer to a more or less well-defined subtypes of oF but some might also be used synonymously. herein, we used the most recent guidelines of Who 19 for odontogenic tumours: conventional type oF (CoF) includes a juvenile histological variant that is further subdivided in trabecular (TJoF) and psammomatoid (PJoF) types. CoF is composed of both fibrous and mineralised tissue, and exhibits a sharp delimitation from surrounding healthy tissue, in contrast to FD, and the pattern of mineralisation varies from area to area, while it is homogeneous in FD. The trabecular juvenile variant is composed of densely cellular fibrous tissue with little collagen, containing thin strand-like trabeculae of osteoid and woven bone. The psammomatoid juvenile variant is also densely cellular, but the calcifications are spherical or lamellated like typical psammomatoid bodies 19 . manens et al. 13 in their review on 137 cases reported a similar clinical behaviour between the subtypes of oF, while Wang et al. 20 in their case series on 31 patients reported a higher rate of recurrence in the juvenile type. in our series, the 5 patients presenting with extensive disease at the time of diagnosis, including massive involvement of the paranasal sinus and skull base or medial orbital wall, invasion and destruction of surrounding tissue and bony erosion had the juvenile variant. Three of these patients presented extensive sphenoid involvement with an extension beyond the optic nerve and, even if an external approach would have lead to a more radical surgery, in consideration of the benign nature of the pathology, we decided to primarily perform an endoscopic approach with a subtotal resection at the level of the clinoid. A wait and see policy was then adopted that showed rapid regrowth requiring a subsequent subfrontal approach. Thus, from our case series, we had the impression that the juvenile type presented a more aggressive behaviour. To avoid recurrence, when preoperative biopsy highlights the juvenile type, we suggest total removal of the lesion. however, due to the small series and the limited data in the literature, it is not possible to conclude if a higher percentage of recurrences is related to active behaviour due to an unknown intrinsic biologic factor associated with the juvenile variant, or to features unrelated to the histologi- cal subtypes such as the extension into adjacent structures (orbit, optic canal, cranial fossa) at the time of diagnosis and the incomplete surgical resection performed to avoid the risk of iatrogenic lesions and excessive bone resection causing facial deformity. Thus, larger case series on this topic are needed. Surgical removal of oF is difficult compared with osteoma: total resection is mandatory to avoid recurrences, but oF are characterised by high vascularisation and frequent adherence to the dura and periorbit 4 5 12 . Thus, complete removal of this benign lesion has always been challenging. As reported by Wang et al. 20 , to avoid recurrences, we found necessary to remove the outer lamella of the tumour and drill out pathological bone with a diamond burr until reaching smooth healthy bone that presents a less friable consistence. Traditionally, extranasal or microscopical techniques have been described to achieve complete resection. however, recent studies have reported on the endoscopic removal of oF 6 10 , with improved endoscopes and instruments, increased surgical experience, refinements of techniques (e.g. "four-hand-technique") and the routine use of navigation systems. in our series, four cases were not addressed through a purely endoscopic approach. one was operated on in 2006 using a Caldwell-luc approach that would nowadays be amenable to an endoscopic approach. The other three cases illustrate the limitations and contraindications of an endoscopic approach: tumour extension to the anterior wall of the frontal sinus and supraorbital recess 21 22 , extension beyond the optic nerve and extension to the anterior wall of maxillary sinus, which should be addressed using a Cairn approach or midfacial degloving or Caldwell-luc approaches, respectively. in the last 20 years, pre-operative embolisation of feeding vessels has been increasingly used preoperatively for vascular head and neck tumours, such as paragangliomas and JnAs 23 . The most important risk when embolising the orbital region is the occlusion of the central retinal artery, which is a terminal vessel and results in blindness of the patient. Anastomotic connections between the ophthalmic artery and the external carotid artery are vestiges of embryonic configurations that may occasionally persist into adulthood as anatomic variants. in particular, the middle meningeal artery, which was embolised in the patient treated in our institute and affected by ABC secondary to oF, may present a small anastomosis, the recurrent meningeal artery, with the lacrimal branch of the ophthalmic artery 24 that may explain the sudden post-operative ipsilateral visual loss that occurred in our patient. Complications of endovascular treatment are rare and well-known and may be due to reflux of embolic agent or migration through undetected external/internal carotid artery collaterals. While such complications are supposedly rare, the present work highlights that oFs with or without associated ABC are highly vascularised, and in close connection with the ophthalmic arterial network. Therefore, based on this experience, and with the availability of new haemostatic agents, we would not recommend preoperative embolisation for these tumours.
Conclusions
oF of the sinonasal tract is a rare benign fibro-osseous tumour. Clinical, radiological and histological findings should all be considered to better establish a differential diagnosis with other fibro-osseous tumours, either benign or malignant, and a pre-operative biopsy should always be performed when possible. in the present case series, patients affected by the histological juvenile variant presented extensive localisation and rapid regrowth when subtotally removed. however, due to the small number of cases in the literature and in the present series, no conclusions can be drawn if the biological behaviour of the different histological subtypes of oF is more important than the extension of the tumour at the time of diagnosis, and larger cases series may be necessary to clarify this point. Complete surgical removal is the only curative treatment for oF, and should be performed through an endoscopic approach as a first choice option. An external approach is still needed in cases of oF affecting the anterior wall of the frontal sinus or supraorbital recess, encasing the optic nerve or invading the skull base laterally to the optic nerve. in these tumours, even if highly vascularised, when proximal to the orbit embolisation should be avoided due to the close connection with the ophthalmic arterial network.
